In an attempt to produce a reliable source of water, the water quality model-QUAL2Kw-was put to through calibration and validation tests. This model was implemented in the river Tungabhadra of India. This worked quite well for the project at hand but showed certain irregularities. Different Quality Management methods exist currently and for this project, their impact in DO concentrations were examined based on: 1) The ability to augment the flow; 2) The ability to oxygenate the source and; 3) The ability to modify pollution loads. With the impacts realized, the study helped us understand that local oxygenation is effective when considering the increment of Do levels. There was also the understanding that a combination of the factors (flow augmentation, pollution load modification and source oxygenation) is a necessity as far as the minimum DO concentrations must be realized. With this quality model results, there is confidence that the implementation of the QUAL2Kw model will be an appropriate choice for future river water quality policies.
Introduction
The run for clear river water qualities arises due to the increasing scarcity of usable water in developing countries. In a major case, human factors have been found to be the primary factor that causes the unavailability of clear water hence the main objectives of the river basin management [1] . With the assessment and evaluation of human impacts on the quality of water as a major objective, there has been a major issue that breaches this objective. This issue is the prediction of the release of chemical substances into the river system by humans [2] . This impairs the efforts put in place to determine the impact of human activity in the aquatic ecosystem.
Human activities generate massive amounts of contaminable materials on a daily basis. They could come from agricultural, municipal or industrial sources.
The materials released could be large amounts of nutrients of organic materials and their introduction into rivers or streams accelerates eutrophication processes and reduces dissolved oxygen values. This is visible during low flow periods as the values are brought below threshold figures (Figures 1-7 ). The effect of this is an unbalanced aquatic ecosystem resulting in the death of aquatic life. This death could stem from extreme anaerobic conditions caused by low dissolved oxygen (DO) concentrations [3] . In a general sense, any water quality management policy should strive to maintain pollution levels below threshold levels. This will ensure minimum DO concentrations on aquatic life. A minimum DO concentration is a vital aspect when considering aquatic life. According to the [4] , the acute lethal limit of DO concentration for salmonids (type of fish) is about 3 mg/L. When considering the Tungabhadra river (which has varieties of aquatic life), the mild warm-water minimum can be put at about 4 mg/L-a day minimum. This is made to support less tolerant species and capricious fish inhabitants [5] [6] . The assimilative capacity of a river should be kept at the optimal level in order to achieve the desired water quality [7] and it can be touched by: 1) The application of oxygenators [7] , 2) The controlling of pollution loads [8] and 3) The controlling of river flow rates [9] .
Strategies of water quality management are mostly a combination of "inter-disciplinary" complex resolutions. These decisions are based on assumptions to the changing controls of water quality [10] . The linkage between waste loads and resulting water qualities can best be shown via mathematical methods [11] .
The most used mathematical model to evaluate the pollution of water bodies is the QUAL2E model [12] . The potentials of the model back the choice of the model as the framework for this study considering the Tungabhadra River. Within this study, I explain the application of the model and examine the impact of waste loads on water bodies.
I also determine the utmost pollution loads that are acceptable by the stream without the violation of the least possible DO standards.
Material and Methods

Study Area
River Tungabhadra is a part of the Krishna basin and formed by the combina- and Heribedri and Kadathi (SS7), and Somalapura (SS8) with populations ranging from 45,000 to 55,000, are located on the bank of this river at the Upstream and downstream of Harihara town. For all these villages and Harihara town, this river is a primary source of drinking water. The river about two to three decades ago was in a drinkable state. It was deemed pure in both physical and ritual forms. This is however, no more feasible. Ritual practices such as bathing, etc. are almost extinct due to the level of pollution in the river [5] . The number of aquatic life in this holy river has also reduced drastically as it receives an enormous discharge of domestic and industrial effluent [21] . It is thus labeled biologically dead. It is because of occurrences such as this that made the selection of the 40.5km stretch of the Tungabhadra river feasible for this study.
Data and Monitoring Sites
Data for this study was collated between the 9 th and 19 th of June, 2018 as well as between the 2 nd and 3 rd of December, 2018. This counts as pre and post monsoon periods for the Tungabhadra river and its tributaries. The maximum number of hours spent was about 30. During the pre-monsoon season, sample events were set in order to monitor low flows at their critical state. Data pulled for this included air temperature, wind speed, relative humidity counted at meteorological data and they were obtained from the Department of Meteorology and Hydrology. Major points used for monitoring along the river include, sampling Station 1 (Ingalagondi and Mudenuru, chainage) at near to Jack well point, sampling Station 2 (Rajanahalli village) adjacent to Temple road, sampling Station 3 (Kumarapatanam bridge) at wastewater discharge from Harihara and Kumarapatanam town, sampling Station 4 (Nalavagalu) at near to HariharaPolyfiber discharge, sampling Station 5 (Nadiharahalli) at just near from Nalavagal, sampling Station 6 (Airani) at just downstream of Temple, sampling Station 7 (Heribidri) at just downstream of confluence with sugarcane factory waste molasses and sampling Station 8 (Somalapura) at just downstream of temple. Observations were made between stations Rajanahalli and Kumarapatanam at about 8.000 km chainage and the quantities of water abstractions noted were about 0.14 m 
Sampling and Analysis
The parameters examined for water quality included; Temperature, pH, dissolved 
Modeling Tool
With QUAL2Kw, there is the possibility to check the concentration ci within the water columns. This is because the model has a general mass balance equation.
This though does not work for hyporheic concentrations. In using the general mass balance equation, parameters representing transport and loading are likely to be omitted while the column could be considered to be of reach I [20] [21].
During auto-calibration for the QUALK2w model, we get to employ the genetic algorithm (GA). This step is a necessity if we desire to achieve a well-placed goodness of fit for the model. The results obtained from this algorithm can then be compared with the measured data. When carrying out the comparison, we adjust the parameters used. These parameters are usually large in numbers [20] .
The determination of the best goodness of fit for the model can be done as a reciprocal for the weighted average of the RMSE. RMSE refers to the root mean squared error. It must be normalized before the weighted average can be considered. 
River Discretization
During this study, the total length of the Tungabhadra river (40. 
Input Data
As earlier explained, the water quality input parameters measured included flow, temperature, pH, DO, BOD, organic nitrogen, ammonia nitrogen, nitrite + nitrate nitrogen, organic phosphorus and inorganic phosphorus. Data on inorganic suspended solids, conductivity, fast CBOD, phytoplankton, detritus and pathogen were however not measured. When carrying analysis, a default value was adopted. Other inputs to the model included wastewater, groundwater, river tributaries and abstraction.
Majorly, the inputs required for the model come from the families of nitrogen and phosphorus. This set off data was not measured in the pre-monsoon season however the post-monsoon survey was considered in the extraction of these data. According to [6] , during base-flow in Melbourne (urban storm water), total nitrogen was found to consist Organic-N 36%, NH 4 -N 9%, NO 2 + NO 3 -N 39%
and particulate Organic-N 16%. What this showed was that the nitrogen composition did not vary between sites. The proof for this was in the amount of total dissolved nitrogen. It was found that it comes out to be Organic-N 42.9%, NH 4 -N 10.7% and NO 2 + NO 3 -N 46.49%.
A survey on international researches put the composition of total nitrogen at Organic-N 71% NH 4 -N 5% and NO 2 + NO 3 -N 24%. Organic-N was found to be a major constituent in international literatures (Organic-N) [6] . If we are to consider the Melbourne data in which particulate nitrogen accounts for 16%, Or-Open Access Library Journal ganic-N will account for 55%. The composition of total dissolved nitrogen is 65.5% NH 4 -N 6% and NO 2 + NO 3 -N 28.5%. According to another survey performed by Kucuksezgin et al. (2005) , the composition of total dissolved nitrogen and phosphorus are given to be Organic nitrogen 88.5%, NH 4 -N 3.7% and NO 2 + NO 3 -N 7.8%; Organic-P 81.1% and Inorganic-P 18.9%, respectively. In the Tungabhadra river however, the average compositions of TP were Organic-P 39.5% and Inorganic-P 60.5% while the average compositions of TN were Organic-N 17.24%, NH 4 -N 72.83% and Nitrite + Nitrate-N 10.15%. Given the differences in the compositions of nutrients, the proportions derived along the Tungabhadra river were used in the modeling.
In this study, I used sets of equations to act as processes for the QUALK2w model. The processes in the model could be physical, biological or chemical. The parameters within these are usually numerous. Surveys were made in respect to the rating for usable parameters. Choices made were dependent on results obtained from sources such as the Environmental Protection Agency, the QUAL2Kw user manual and Documentation for the enhanced stream water quality model QUAL2E and QUAL2E-UNCAS [12] . A number of options could be considered when calculating re-aeration using QUAL2Kw model. For the purpose of this study, it is calculated as a function of river hydraulics using the Owens-Gibbs formula [23] . The formula according to [24] can be used effectively when working with water bodies that have depths up to 0.4 -11 ft. They also are useful when working with water bodies that have velocities that range from 0.1 -5 ft/s. the CBOD oxidation rate for the study was however placed within the range 0.04 -4.2.
System Parameter
The physical, chemical, and biological processes stimulated by QUAL2Kw
represented by a set of equations contain many parameters Table 5 . The ranges of model rate parameters were obtained from various literatures including Environmental Protection Agency (EPA) guidance document [25] , QUAL2Kw user manual [21] and Documentation for the enhanced stream water quality model QUAL2E and QUAL2E-UNCAS [12] . QUAL2Kw has eight options to calculate re-aeration rate as a function of the river hydraulics. We have used Owens-Gibbs formula [23] , which was developed for streams exhibiting depths ranging from 0.4 to 11 feet and velocities ranging from 0.1 to 5 feet/s [24] . The range of CBOD oxidation rate was assumed as 0.04 -4.2 as in 36 rivers in USA [26] . The settling of CBOD is considered insignificant. The ranges of other parameters were assumed default as in QUAL2Kw.
Model Implementation
Data gotten from the post-monsoon period were used for calibration. The time The model was looped until proper adjustment was obtained for the parameters. This process also aided the achievement of an agreement between the results as well as the measurements. The population sixe used during the model run was 100 and the generation span was 50. According to [20] the population size of 100 offers better performance as that of 500.
Without changing the calibrated parameters, the model was run on data sets different from the ones taken during the pre-monsoon period. This was necessary to test the ability of the calibrated model in order to effectively predict the water quality under varying conditions. After this had been concluded, the calibrated model could then be used to experiment on water quality conditions during critical periods in the period.
Result and Discussion
Calibration and Validation
The model calibration for the water quality was monitored from six locations. Past 12 km, the concentration of dissolved oxygen decreases gently till it reaches a minimum of 14.25 -15.25 km. This is due to the presence of a high level of pollution (industrial waste). Re-aeration coefficient was found to be low due to the increase in the velocities. Also, past 25.25 km, there is a gentle increase in the concentration of dissolved oxygen. This is due to the increase in the addition of increased DO water from sampling station 5 and re-aeration.
Aside these, there is also an increase in the concentration of total potassium, Open Access Library Journal 
Strategies for Water Quality Control
Point sources also influence DO concentrations along the river. 
Modification of Pollution Loads
Throughout the duration of the study, point sources used were assigned fixed 
Augmentation of Flow
In this research work we are assuming that augmenting the flow of pollution loads was feasible upon conclusion of water supply projects in Karnataka. For that project is estimated to supply about 3.1 m 3 /s of water to the Tungabhadra river. In addition, none of the dissolved oxygen profiles actually equal the requirements.
Local Oxygenation
The effects of oxygenators along critical points of the river produces strong oxy- This by extension increases the depth of the water and inversely acts on the aeration coefficient behind the dams.
Summary
With data pulled during 2018, the QUAL2Kw model was calibrated and tested for the Tungabhadra River. In this study, the QUAL2Kw model was implemented in order to simulate different strategies when considering water management. This was done based on some factors including; flow augmentation, local oxygenation and pollution loads modification. With the results obtained, it can be said that local oxygenation is effective in raising dissolved oxygen levels. Also, it is seen that a combination of wastewater modification, flow augmentation and local oxygenation can be used to ensure the requirements for the minimum DO concentrations are met. This places the model as a top choice when thinking of river water policy options.
